In this study, different methods are compared in order to quantitate individual sugars extracted from apple samples using methanol and water. Glucose, fructose, and sucrose are separated in 20 min using an amino-bonded carbohydrate column and a 75:25 acetonitrile-water mobile phase, followed by UV (190 nm) and refractive index detection. Variations in the sugar profiles are observed using different extraction or detection methods (or both) at a 1.4-mL/min flow rate. The data obtained show differences (p < 0.01) from both extraction or detection methods. The highest contents of free sugars studied occur in samples extracted with water.
Introduction
Various chromatographic procedures including thin-layer chromatography (TLC), gas-liquid chromatography (GLC), and high-performance liquid chromatography (HPLC) have been used for the analyses of sugars. In addition, automated enzyme assays have been used to determine carbohydrates for over a decade (1) . Traditional colorimetric and iodometric methods, as well as other methods, however, are unable to quantitate sugars individually (2) . GLC is successful for determining individual sugars, but it requires a derivatization procedure with its inherent problems and the formation of anomers. In addition, the application of the GLC method is not suitable to all foods (3), and the low thermal stability and volatility of sugars hinder the use of GLC (4) .
HPLC has been extensively used for sugar separation and quantitation (1, 5) . The main drawback to HPLC is that sugars do not absorb UV light at a wavelength longer than 200 nm. Despite this limitation, improvements in refractive index (RI) detectors have resulted in the routine use of HPLC for sugar analysis (4).
As previously reported, different modes of HPLC are used to identify the sugar profile in foods (6) (7) (8) (9) (10) . They include cationexchange and anion-exchange chromatography, chromatography utilizing amino-bonded stationary phases, and classical reversedphase chromatography on alkylated silica gels (4) . Obtaining satisfactory results depends on optimizing the associated mobile phase composition and detectors, as well as preparing the samples for HPLC. Extraction with water of some samples that include β-amylase has been a major problem in quantitating the individual sugars. In this case, water is effective in extracting the fructose, glucose, sucrose, and maltose. However, maltose levels may fluctuate widely between simultaneously injected samples because during the water-extraction process dextrins can be reduced to maltose. On the contrary, when alcohols are used for extraction, enzymatic saccharification activity can be prevented (2) . The scope of this study was to compare the application of methanol and water for extraction and quantitation of free sugars by UV-vis and RI detection in order to ensure optimal conditions for utilizing amino-bonded phases.
Experimental Chemicals and reagents
Acetonitrile and methanol used were purchased from J.T. Baker (Deventer, the Netherlands). The sugar standards were from Sigma (St. Louis, MO) and the membrane filters and Sep-Pack C 18 cartridges were from Alltech (Deerfield, IL). Apple samples were obtained from a local fruit-juice factory.
Chromatographic system
Chromatographic analyses were carried out with a Varian HPLC equipped with a model 9010 solvent delivery system and a Marathon autosampler with 20-µL loop (Varian, Harbor City, CA). Two detectors, a Varian 9050 UV-vis detector and Varian 9040 RI were used for detection. An Alltech amino-bonded carbohydrate column (10 µm, 300-× 4.1-mm i.d.) was used with an acetonitrile-water (75:25) mobile phase for isocratic elution. The flow rate was 1.4 mL/min. RI and UV detection (190 nm wavelength) were performed at ambient temperature. temperature, and the supernatants were increased to 50 mL with methanol. This extract was reduced in volume by a rotary vacuum evaporator (Janke-Kunkel, IKA Labortechnik) to separate the methanol. The extract residue was diluted to 50 mL with methanol (6).
For water extraction, 10 g of homogenized sample was directly mixed with 40 mL of water. The mixture was homogenized using an ultraturrax at 24,000 rpm and centrifuged at 6000 rpm for 30 min at ambient temperature. The supernatant was filtered through Whatman 42 filter paper (Whatman, Kent, U.K.).
All extracts obtained by methanol and water extractions were filtered through a Sep-Pack C 18 cartridge. An amount of 2.5 mL of filtrate was blended with 7.5 mL of acetonitrile; subsequently, the mixture was filtered through a 0.45-µm membrane before 20 µL was injected. Standard sugar solutions, prepared to contain 5-100 µg/mL, were injected into the HPLC system.
Results and Discussion
The levels of fructose, glucose, and sucrose, as well as the free sugars/total sugar ratios determined in samples are presented in Table I . Typical chromatograms of the samples are shown in Figure 1 . There were significant differences in the sugar profiles in relation to extraction and detection types. However, the amounts of fructose extracted with water and detected using UV-vis detection were not significantly (p > 0.01) different than those obtained using methanol extraction and RI detection.
Consistent results can be obtained by determining the ratio of individual sugars to total sugars in order to compare detection methods. For water extraction, fructose, glucose, and sucrose composed 66%, 17%, and 17%, respectively, of the total sugars when quantitated by RI. But they were 89%, 8%, and 3%, respectively, when quantitated by UV-vis detection. Additionally, results for both sugar extracts determined by UV-vis detection were lower than those found using the RI detector. The reason for these results may be attributable to detection absorbance wavelengths for the sugars. During methanol extraction, some sugars may not have adequately dissolved in proportion to their true concentration because of methanol vaporization, even at low temperatures. Consequently, water is a more effective solvent for sugar extraction, which yields more reliable results. 
